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[57] ABSTRACT

An apparatus performs servo control of a recording
light beam by using a reproducing light beam. The
reproducing light beam, which does not destroy the
recording material of an optical card, is emitted from a
reproducing L.D to the optical card. The position of the

reproducing light beam is controlled by a control unit.

A light beam which does not destroy the recording
material of the optical card is emitted from a recording
LD to the optical card. The position of the light beam
from the recording LD is detected by a recording PD
and the detected error signal is stored in the control
unit. The reproducing light beam is emitted again from
the reproducing LD to the optical card together with
emitting the recording light beam, which can destroy
the recording material of the optical card, irom the
recording LD. The position of the recording light beam
is controlled by the control unit based on the reflected
light beam of the reproducing light beam from the opti-
cal card and on the stored signal in the control umit.

23 Claims, 10 Drawing Sheets
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OPTICAL DATA RECORDING APPARATUS AND
AN OPTICAL DATA
RECORDING/REPRODUCING METHOD
PERFORMING SERVO CONTROL WITH BOTH A
RECORDING LIGHT BEAM AND A
REPRODUCING LIGHT BEAM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical data re-
cording apparatus and an optical data recording/repro-
ducing method performing servo control of a recording
light beam.

2. Description of the Related Art

Generally, an optical recording medium has started
to be used for recording a large amount of data since
recording density of the optical recording medium is
extremely higher than that of a magnetic recording
medium. For example, an optical card has a storage
capacity several thousand times to ten thousand times as
compared with a magnetic card. Similar to a WORM
type optical disk, the optical card is not rewritable, but
the storage capacity is large, that 15, 1 to 2M bytes.
Therefore, it can be considered that the optical card 1s
used in applications that preserve data on an individual
heath management card, a prepaid card, and manage-
ment of clients. The experiments in such applications
have been already started in this technical field. More-
over, the use of the WORM type optical disk has been
expanded in a document file, and the optical magnetic
disk incorporated into a personal computer has been put
on the market.

In an optical data recording/reproducing apparatus
for an optical recording medium such as an optical card,
an optical head is reciprocated relatively to the optical
card to perform data recording/reproducing. Record-
ing speed/reproducing speed 1s determined by a relative
speed between the optical head and the optical card.
Due to this, illuminating only a single track to record-
/reproduce data on/from the track cannot increase the
recording speed/reproducing speed so much.

In order to solve the above problem, for example, as
disclosed 1n U.S. Pat. No. 4,730,293, there 1s known a
data recording/reproducing apparatus in which a plu-
rality of tracks are simultaneously illuminated to read
data from the plurality of tracks at the same time,
thereby increasing the reading speed.

Moreover, for example, 1in “High Speed Optical Card
Reader/Writer using Two Optical Sources” National
Autumn Conf. Handout Document 1989 IECE Japan
(Institute of Electronics and Communication Engineers
of Japan), C-323, there 1s disclosed a data recording/re-
producing apparatus using a different hight source for
recording and for reproducing. The structure of the
optical head in the apparatus disclosed in the above
document will be explained with references to FIGS. 1
to 3.

As shown in FIG. 1, a data recording section 4 and
ID sections 6 are formed on an optical card 2 to be used
in this apparatus. The data recording section 4 has a
plurality of tracks extending in a longitudinal direction
of the optical card 2 in parallel to each other. The 1D
sections 6 are arranged on both sides of the data record-
ing section 4, respectively, and address data on each
track 1s recorded therein.

On the other hand, as shown in FIG. 2, an optical
head in this apparatus comprises a recording laser diode
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(hereinafter called recording I.D) 10 serving as a light
source for recording, and a reproducing LED 12 serv-
ing as a light source for reproducing.

Light emitted from the recording LD 10 is changed
to a parallel light by a collimator lens 14. After the light
is transmitted through a polarization beam splitter
(PBS) 16, the light is focused by an objective lens 18 on
the track of the optical card 2 serving as an optical
recording medium.

Light emitted from the reproducing LED 12 is
changed to a parallel light by a collimator lens 20.
Thereafter, the parallel light is reflected by PBS 16, and
focused on the track of the optical card 2 by the objec-
tive lens 18.

The light, which is reflected on the optical card 2 and
sent from the reproducing LED 12, 1s changed to a
parallel light by the objective lens 18, and partially
reflected by PBS 16. Thereafter, the light is totally
reflected by a mirror 22, transmitted through an image-
forming lens 24, and totally reflected by a mirror 26
again. The light 1s split into light transmitted through a
beam splitter (BS) 28, and light which is reflected on a
beam split surface of BS 28, by the beam splitter BS 28.
The transmitted light is inputted into a lead/tracking
error detector (Tr-PD) 30, and the reflected light is
inputted into a focus error detector (Fo-PD) 32.

The Tr-PD 30 comprises two triangle photodetectors
34 and 36 (hereinafter called “reproducing error de-
vice”’), which are arranged such that their apexes are
faced to each other and detect a tracking error at the
time of reproduction, and two rectangular data detec-
tion devices 38 and 40, which are arranged at the upper
and lower portions of the reproduction error devices 34
and 36.

A light spot irradiated on the optical card 2 1s pro-
jected on the Tr-PD 30 as shown by reference numeral
42 in FIG. 3. An image 44q of a guide track 44 is formed
on the reproduction error devices 34 and 36, and an
image 46a of data pit 46 is formed on the data detecting
device 40.

The detection of tracking error is performed by de-
tecting the balance of light and shade of the image
formed on the respective upper and lower reproduction
error devices 34 and 36.

At this time, images of upper and lower tracks of the
guide track 44 are formed on two data detection devices
38 and 40, thereby making it possible to obtain data of
two tracks at the same time. It is noted that data record-
ing is performed by the recording LD 10. In FIG. 3, a
reference numeral 48 shows a light spot by the record-
ing LD 10, that is, a recording light spot.

The detection of a focus error is performed by use of
a reproduction light spot formed by the reproduction
LED 12 shown in FIG. 2. In this case, the optical axis
of the reproduction of light spot is shifted to the optical
axis of the objective lens 18. The shift makes the light
spot on the Fo-PD 32 move according to the movement
of the objective lens 18. If the objective lens 1s moved to
a lower portion in the figure, the spot formed on the
Fo-PD 32 is moved right and left in the figure. The
amount of movement of the spot on the Fo-FD 32 de-
pends on the distance between the objective lens 18 and
the optical card 2. This movement can be used for focus
control. That is, the focus control can be performed by
arranging the Fo-PD 32 at the position where the spot
is formed in a proper focal position and by controlling



5,339,300

3

the objective lens 18 such that the spot stays at the
proper position.

However, even in the optical data recording/repro-
ducing apparatus, the detection of a tracking error and
that of a focus error are performed by use of the image 5
formed by the reproduction LED 12. Due to this, it is
important that there occurs no shift between a relative
positional relationship between an optical spot 48 of the
recording LD 10 and a light spot 49 of the reproduction
LED 12 which is to be used for the tracking control and 10
the focus control. The relative positional relationship
between both spots 48 and 49 depends on the relative
positional relationship between the recording LD 10
and the reproducing LED 12. The positional relation-
ship between both light sources are influenced by a 15
temperature change, a secular change, and others.

Even if the amount of the relative positional change
between the recording LD and reproducing LED due
to the temperature of the material where both light
sources are provided is only 1 pm to several um, the 20
position, which is in a plane perpendicular to the track,
of the optical spot formed by the recording LD is
largely shifted.

For example, in the tracking, the light spot 48 of the
recording LD 10 is not positioned at the center of the 25
track and shifted up and down. If the light spot 48 is
shifted, the recording position of the pit is also shifted.
Generally, in the optical recording, the distance be-
tween the tracks is about several um to 10 um. There-
fore, even if the above shift is not very large, the image 30
of the pit overflows the reproducing devices 38 and 40
at the time of reproducing the recorded data and thus
there is no possibility that data can be reproduced at
worst.

In the focusing, the focal position of the light spot of 35
the recording LD is largely shifted, the pit cannot be
normally recorded and the recorded pit size is unstable.
These points result in lowering reliability of recorded
data and has 2 large influence on the recording/repro-
ducing operation. 40

Moreover, there is a case that the optical axes of both
light spots 48 and 49 to be focused on the optical card 2
are shifted due to assembly accuracy of the optical
head. In this case, it is necessary to adjust the relative
members in the optical head, resulting in increasing the 45
cost and lowering reliability.

In order to solve the above disadvantages, it can be
considered that the focus control and tracking control
are performed by light emitted from the recording LD
and reflected by the recording medium. 50

However, in this case, regarding the amount of the
reflected light, the average amount of light to be emit-
ted at the large output such that the light spot of the
recording LD forms the pit is more than 10 times as
much as the case where no recording is performed. 55
Also, at the time of forming the pit on the recording
medium, the change of reflection factor occurs by the
pit and the reflected light is largely changed. Therefore,
it 1s necessary to provide complicated circuits such as an
AGC (auto gain control circuit) and a gain switching 60
circuit in the focus control circuit and the tracking
control circuit, and this causes an increase in manufac-
turing cost.

SUMMARY OF THE INVENTION

The present invention has been made in consideration
of the above-mentioned problems, and an object of the
present invention is to provide an optical data recording
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apparatus, which can normally record data to a record-
ing medium even if a relative shift is generated between
a reproducing light spot and a recording light spot, and
which has a simple structure.

Additional objects and advantages of the invention
will be set forth in the description which follows, and in
part will be obvious from the description, or may De
learned by practice of the invention. The objects and
advantages of the invention may be realized and ob-
tained by means of the instrumentalities and combina-
tions particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illus-
trate presently preferred embodiments of the invention,
and together with the general description given above
and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of the
invention.

F1G. 11s an upper front view of an optical card to be
used I a conventional data recording/reproducing
apparatus;

FIG. 2 1s a structural view showing an optical head
used in the conventional recording/reproducing appa-
ratus;

FIG. 3 is a schematic perspective view showing the
optical card and a tracking PD in the conventional
apparatus;

FIG. 4 1s a structural view showing an optical head
and a control system, which are incorporated into an
optical data recording/reproducing apparatus of a first
embodiment according to the present invention;

FIG. S 1s an upper front view showing a recording
light beam on the optical card and three spots by a
diffracted light of a reproducing light beam;

FIG. 6 is an upper front view showing spots of a
zeroth diffracted light beam and = primary diffracted
light beams for a recording light beam projected on a
recording PD;

FIG. 7 is an upper front view showing spots of a
zeroth diffracted light beam and =& primary diffracted
light beams for a reproducing light beam projected on a
reproducing PD; -

FIG. 8 is a partial structural view showing a modifi-
cation of the apparatus of the first embodiment;

FIG. 9 is a partial structural view showing another
modification of the apparatus of the first embodiment;

FIG. 10 1s a structural view showing an optical head
and a control system, which are incorporated into an
optical data recording/reproducing apparatus of a sec-
ond embodiment according to the present invention;

FI1G. 11 1s a schematic perspective view showing an
optical card and a Tr-PD in the apparatus of FIG. 10;
and

FIG. 12A is an upper front view showing a state
where an image of a guide track is formed on a repro-
ducing error device in a case that no tracking shift oc-
curs 1n the reproducing light spot; and FIG. 12B is an
upper front view showing a state where an image of a
guide track is formed on a reproducing error device in
a case that a tracking shift occurs in the reproducing
light spot.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

1. First Embodiment

A first embodiment of an optical data recording/re-
producing apparatus according to the present invention
will be explained with reference to FIGS. 4 to 7.

OPTICAL HEAD

The structure of an optical system of this embodiment
will be explained along a flow of a light beam.

In FIG. 4, reference numeral 50 shows a recording
semiconductor laser diode (hereinafter called “record-
ing LD”), which is a recording light source. A record-
ing light beam generated by the recording LD becomes
a substantially elliptic parallel beam at a collimator lens
52. The parallel beam is reduced in only a long axis
direction of the ellipse by a shaping prism 54 so as to be
shaped to substantially a round shape. Moreover, the
diameter 1s decreased by a circular diaphragm 56 so as
to obtain a predetermined value of the spot size of the
recording light beam. Thereafter, the beam is divided
into three beams, that is, a zeroth diffracted light beam
and #+ primary diffracted light beams by a diffraction
grating 58. |

Since these three circular beams are formed of S-
polarizing components due to the property of the re-
cording LD 50, almost all parts of respective beams are
reflected on a reflection surface of a polarizing beam
splitter 60, and inputted into a position off-center from
the central position of an objective lens 62, that is, a left
half portion of the objective lens 62 in the figure.

These light beams are focused on an optical card 64
by the objective lens 62, and used as three light spots 66,
68, and 70 as shown in FIG. 5. The zeroth light spot 68
is positioned at a central portion, and =+ primary light
spots 66 and 70 are positioned at both sides of the zeroth
light spot 68, respectively. The zeroth light spot 68 is
used to record data and to detect a focus error, and =
primary light spots 66 and 70 are used to detect a track-
ing error. It 1s noted that the diffraction grating 58 is

formed such that intensity of the & primary light beams
is sufficiently smaller than that of the zeroth light beam.

At the time of recording, the recording LD 50 (FIG.
4) emits a light beam with intensity enough to form a pit
72. In the optical card 64, energy density is locally
enhanced by the central light spot 68, which is the
zeroth light beam, so that a thermal irreversible change
1s generated in a recording layer of the optical card 64
to form the pit 72. Since the = primary light spots 66
and 70 are sufficiently weaker than the zeroth light
spots 68, no pit is formed.

At the time of recording, the optical card 64 is moved
to a direction of an arrow a or an arrow b along a track
guide 74. If the recording LD 50 emits a light beam in
a state that a pulse modulated in accordance with data
to be recorded, the light beam is applied to the opticai
card 64, the pit 72 is sequentially generated on the opti-
cal card 64 and data is recorded on a data recording
track 76 as a pit string.

The focus error detection and the tracking error
detection of the recording light beam are performed as
follows:

That is, three diffracted light beams reflected on the
optical card 64 shown in FIG. 4 pass through a half area
opposite to the incident side of the objective lens 62,
reflected on the reflection surface of the polarizing
beam splitter 60 and inputted into an image-forming lens

6

77, and an image is formed in a recording photodetector

(hereinafter called *“recording PD”) 78.
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As shown 1in FIG. 6, a pair of photodetectors (Fo-
device) 80 and 82 for focus error detection, and a pair of
photodetectors (Tr-device) 84, 88 are provided on the
recording PD 78. A boundary line 92 between Fo-
devices 80 and 82 extends in a direction perpendicular
to the track 76, and a boundary line 94 between Trt-
devices 84, 88 extends in a direction parallel to the track
76. An 1image 68a of the zeroth light spot is inputted to
Fo-devices 80 and 82, and images 66a and 70q of =+
primary light spots 66 and 66 are respectively inputted
to Tr-devices 84, 88.

These three spot images 66a, 68z, and 70q are formed
on suitable positions on Fo-devices 80, 82, and Tr-
devices 84, 88 respectively in a state that neither track-
ing error nor focus error exist, FIG. 6 shows the suit-
able spot state.

In an optical system of the apparatus of this embodi-
ment, the recording light beam is inputted to an off-cen-
ter position from the central axis of the objective lens
62. As a result, in the case that focus shift occurs, the
image of the recording light beam spot is moved to the
direction parallel in a track from the suitable position.

Fo-devices 80 and 82 detect the shift of the position of
the recording light beam due to the focus shift as an
output difference of the respective devices 80 and 82,
and generate a recording focus error signal. By the
focus error signal, it can be checked whether or not the
recording light beam is in a suitable focus state.

Moreover, in the case that tracking shift occurs in the
recording light beam, the image of the spot of the re-
cording light beam is moved in a direction perpendicu-
lar to the track from the suitable position.

A pair of Tr-devices 84, 88 detects the shift of the
position of the recording light beam due to the tracking
shift as an output difference of the respective devices
84, 88 and generate a recording tracking error signal.
By the tracking error signal, it can be checked whether
or not the recording light beam is in a suitable tracking
state.

On the other hand, as shown in FIG. 4, a reproducing
light beam is emitted from a reproducing semiconduc-

tor laser diode (hereinafter called “reproducing LLD”)
96 which is a reproducing light source. The reproduc-
ing light beam becomes a substantially elliptic parallel
beam at a collimator lens 98. The parallel beam is ex-
panded in only a short axis direction of the ellipse by a
shaping prism 100 to be shaped to substantially a round
shape. Moreover, the diameter of the parallel beam 1is
decreased by a circular diaphragm 102 so as to obtain a
predetermined value of the spot size of the reproducing
light beam.

‘The circular parallel beam receives reflection in only
one way in a plane perpendicular to the optical axis of
the beam by a flat concave cylindrical lens 104, and is
slightly diverged in the direction. Moreover, the beam
is divided 1nto three beams, that is, one zeroth diffracted
light beam, and two primary diffracted light beams by
diffraction grating 106. At this time, the beam diverged
direction by the cylindrical lens 104 and the beam dif-
fracted direction by diffraction grating 106 are substan-
tially perpendicular to each other.

Since these three beams are formed of P-polarizing
components due to the property of the reproducing LD
96, the beams are transmitted through substantially all
the polarizing beam splitter 60 and inputted to a position
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off-center from the central position of the objective lens
62, that is, a left half portion of the objective lens 62 in
the figure. These beams are focused on the optical card
64 by the left half portion of the objective lens 64, di-
verged by the cylindrical lens 104, so that three spots
are shaped to be expanded in a predetermined direction.

In FIG. 5, these three spots are shown by reference
numerals 108, 110, and 112, respectively. Among these
three spots, the zeroth diffracted light spot 110 is posi-
tioned at a central portion, and == primary diffracted
light spots 108 and 112 are positioned at both sides of
the zeroth diffracted light spot 110, respectively. The
above-mentioned recording light spots 66, 68, and 70 of
the light beam are positioned between the zeroth dif-
fracted light spot 110 of the reproducing light beam and
one of &+ primary diffracted light spots 108 or 112 (in
FI1G. §, & primary light spot 108).

At the time of adjusting the assembly of the optical
head, the relative positional relationship between these
spots 1s set by relatively applying a difference in an
angle between the optical axes of the recording light
beam and of the reproducing light beam before both
light beams are inputted into the objective lens.

As mentioned above, three reproducing beam spots
108, 110, and 112 are regularly reflected by the optical
card 64 1n a state were they are light-modulated by the
presence of the track guides 74 and the pits 72. The
reflected light beams pass through the objective lens 62
(FIG. 4) 1in an opposite direction, and are guided to the
polarizing beam splitter 60 in the form of a substantially
parallel hight beam. The reflected light beams substan-
tially maintain as P-polarizing light beams due to the
regular reflection by the optical card 64, and almost all
of their respective parts transmit through the polarizing
beam splitter 60, and pass through a reflection mirror
114, and are guided to a focusing lens 116.

Light beams condensed by the condenser lens 116
enlarge spot images on the optical card, and project the
1mages on the light receiving surface of a reproducing
photodetector (hereinafter called “reproducing PD”)
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118. Similar to the recording light beam, this optical

system performs the focus detection by an off-axis
method.

In order to detect the movement of the image of the

reproducing light beam spot due to the focus shift, as -

shown in FIG. 7, there are provided four data detection
devices 120, 122, 124, 126, two pairs of photodetectors
128, 130; 132, 134 for tracking error detection (Tr-
devices), and a pair of photodetectors 136, 138 for focus
error detection (To-devices) on the reproducing PD
118. Boundary lines 140 between Tr-devices 128 and
130; 132 and 134 extend parallel to the track, and a
boundary line 142 between To-devices 136 and 138
extends perpendicular to the track.

‘Three spot images 108, 110 and 112 of reproducing
light beams are formed on appropriate positions of the
photodetectors in a state that neither track shift nor
focus shift exists.

Tr-devices 128, 130, and 132 and 134 detect the
change of the position of the image of the track guide
due to the track shift as a variation of amount of receiv-
ing light to generate a tracking error signal. Definitely,
the tracking error signal is obtained from the following
operation expression:

{(the output of the device 128)—(the output of the
device 130)}-+{(the output of the device 132)—(the
output of the device 134)}

45

50

53

65

8

Fo-devices 136 and 138 detect the positional shift of
the reproducing beam due to the focus shift as a differ-
ence between Fo-devices 136 and 138 to generate a
focus error signal.

Moreover, at the time of reproducing, data detection
devices 120, 122, and 124 detect the presence of the pits
of three tracks from the variation of the amount of light
to output a reproducing signal.

An optical head 143 of the apparatus of the above
embodiment is formed of the above-explained members.

CONTROL SYSTEM

As shown in FIG. 4, the output of the reproducing
PD 118 and that of the recording PD 78 are changed by
first and second arithmetic circuits 250 and 252 into
focus and tracking signals to be inputted to a selector
146 in a focus/tracking error detection circuit (control
system) 144. The focus/tracking error detection circuit
144 comprises the selector 146, two differential amplifi-
ers 150 and 151 respectively having adders 148 and 149,
a control unit 152, D/A converters 154 and 155, A/D
converters 156 and 157, and the first and second arith-
metic circuits 250 and 252.

The selector 146 selects either a pair of focus and
tracking error signals FES1 and TES1, which are ob-
tained from the reproduction light beam, or a pair of
focus and tracking error signals FES2 and TES2, which
are obtained from the recording light beam. The se-
lected pair is divided into a focus error signal and a
tracking error signal. The focus error signal is inputted
to the differential amplifier 150 and the tracking error
signal 1s inputted to the differential amplifier 151. Prede-
termined signals are inputted to the differential amplifi-
ers 150 and 151 (the adders 148 and 149) from the con-
trol unit 152 through the D/A converter 154 and 155.

One of the outputs of the selector 146 and one of the
predetermined signals inputted to the adders 148 and
149 are added each other, so that a focus error signal
(hereinafter called “FES”) and a tracking error signal
(hereinafter called “TES’) can be obtained.

On one side, FES and TES are amplified by a power
amplifier 158, and inputted to an actuator 160 for driv-
ing the objective lens 62. On the other side, FES and
TES are inputted to the control unit 152 through the
A/D converters 156 and 157. It 1s noted that the switch-

ing of the selector 146 is performed by the control unit
152.

OUTLINE OF THE CONTROL OPERATION

An operation of the control system of FIG. 4 will be
explained as follows.

The operation can be divided into the following three
modes.

Mode 1: A focusing control and tracking control
mode of the reproducing light spot by use of focus and
tracking error signals obtained from the reproducing
light spot (control of general reproducing light spot)
(At this time, the recording light beam is turned off);

Mode 2: A measuring mode of the amount of offset;

Mode 3: A focusing control and tracking control
mode of the reproducing light spot by use of focus and
tracking error signals obtained from the reproducing

light spot, considering the amount of offset obtained in
mode 2.

EXPLANATION OF MODE 1

If power 1s supplied to the optical data recording/re-
producing apparatus, the operation is in the mode 1. A



5,339,300

9

control unit 152 controls the reproducing LD 96 to emit
the reproducing light beam. The reproducing light
beam 1s reflected on the optical card 64, and converted
to an electrical signal by the reproducing PD 118. The
converted signal is calculated by the first arithmetic
circuit 250, and changed to a focus error signal FES1
and a tracking error signal TES1. The selector unit 146
selects FES1 and TESI, which are the outputs of the
calculation circuit A, by the instruction of the control
unit 152, and the selected outputs are inputted to the
differential amplifiers 150 and 151, respectively. At this
time, since control unit 152 outputs all zeros to the D/A
converters 154 and 135, the differential amplifiers 150
and 151 amplity only FES1 and TES1 and output the
amplified FES1 and TES1. The outputs of the differen-
tial amplifiers 150 and 151 are passed through a servo
ON/OFF SW closed by the control unit 152, and sup-
plied to the objective lens driving unit 160 through the
power amplifier 158, so that the objective lens 62 is
driven. That is, the focusing and tracking controls of the
reproducing light spot by use of the focus and tracking
error signals obtained from the reproducing light spot
are performed. In this state, the reproducing light spot
1s correctly positioned at the track on the recording
medium of the optical card 64. Also, both values of the
FES1 and TES1 obtained by the first arithmetic circuit
250 become zero.

The reproducing operation, which is executed after
the control unit 152 receives a command for performing
the reproducing operation from a host computer such as
a personal computer , is also performed in mode 1.

EXPLANATION OF MODE 2

If the optical data recording/reproducing apparatus
receives a command for performing a recording opera-
tion from the host computer, the apparatus moves the
optical spot to an objective track on the optical card,
and performs the real recording operation, that is, an
emitting operation of the recording beam modified by
the recording signal when the optical spot is moved to
the objective position. The mode 2 is performed since
the control unit 152 receives the command till the real
recording operation is performed. Therefore, for exam-
ple, the mode 2 is performed with any timing described
below:

1. just after receiving the command;

2. during seek control of the optical head to an object
track;

3. during the time till a card transfer speed at the time
of reciprocating the optical card is made constant; and

4. at the time when the optical card stops at the driv-
ing end.

Since the control unit 152 controls the operation of

the above-mentioned timing 1 to 4, the execution timing
can be recognized. Therefore, the control unit 152 ad-
justs to any one of above timing 1 to 4, and executes
mode 2.

In mode 2, the reproducing LD 96 emits the repro-
ducing light beam, and the objective lens 62 is servo-
controlled based on the detected FES1 and TES1 simi-
lar to mode 1.

Under this state, the control unit 152 also drives the
recording L.D §0. The recording LD 50 is emitted so as
not to obtain strong power destroying the medium. The
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power may be power which is the same as the power of 65

the reproducing light beam from the reproducing LD
96. The light beam of the recording LD 50 is irradiated
to the optical card 64, and the reflected light is detected

10
by the recording PD 78. The selector is switched to

select the arithmetic circuit 252 at the same time the
recording LD 50 1s driven. Focus and track error sig-
nals FES2 and TES2, which are detected based on the
light beam from the recording L.D 50, are converted to
digital signals through the differential amplifiers 150
and 151 and the A/D converters 156 and 157, and input-
ted to the control unit 152.

If there is no offset, the values of FES2 and TES2 are
zero similar to those of FES1 and TES1. The values
which are other than zero show the amount of offset.
The control unit 152 temporarily stores the inputted
values of FES2 and TES2.

It is noted that the mode 2 may be performed at the
time not after the recording command is generated but
at the time of power-on.

EXPLANATION OF MODE 3

‘That the reproducing light reaches an objective re-
cording track is detected from an address signal in a
data signal obtained from the data detection device 122
in the reproducing PD 118. At the time of this detec-
tion, the optical head 143, which has been moved by a
driving motor (not shown) in a direction where the
optical head 143 crosses the track, is stopped. The opti-
cal card 64 is driven in the track directions (directions a
and b of FIGS. 6 and 7). The track on the optical card
is normally divided into a plurality of sectors, and man-
aged. Therefore, at the time when the light beam from
the recording LD 50 reaches the sector which is to be
recorded first, the light beam i1s modulated by the re-
cording signal. Also, light emission is started by a high
recording power sufficient to record the signal.

At this time, the control unit 152 outputs values,
which correspond to the stored values of FES2 and
TES2, to the D/A converters 154 and 155. Due to this,
the outputs of the D/A converters 154 and 155 are
added to the adders 148 and 149 of the differential am-
plifiers 150 and 151. At the same time, the control unit
152 controls the selector 146 to select FES1 and TESI.
In this way, similar to the prior art, the recording light
spot is controlled in the focus and tracking directions
based on the focus and tracking error signals FES1 and
TESI1 obtamed from the reproducing light spot. How-
ever, since a value for canceling the offset is added to
the servo control system through the D/A converters
154 and 155, the position of the recording light spot is
precisely corrected. Thereby, it 1s possible to perform
the same control as the case that the recording light spot
1s based on the focus and tracking error signals FES2
and TES2 obtained from the recording light spot.

RECORDING OPERATION

In this embodiment, the recording operation is per-
formed as the following.

As shown 1n FIGS. 6 and 7, when the optical card 64
is moved 1in a direction of the arrow a, the pit 72, which
1s formed by the recording light spot 68, is moved inside
of the spot 110 formed by the zeroth diffracted light of
the reproducing light beam. Then, if the pit 72 reaches
the position of the spot 110, the varnation of the amount
of light is generated on the data detection device 122 on
the reproducing PD 118 by the image of the pit 72. The
data detection device 122 detects the variation of the
amount of light and outputs a reproducing signal, which
1s right after the recording.

Moreover, when the optical card 64 is moved in a
direction of an arrow b, the pit 72, which is formed by
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the recording light spot 68, is moved inside of the spot
108 formed by the primary diffracted light of the repro-
ducing light beam. Due to this, the variation of the
amount of light is generated on the data detection de-
vice 126 on the reproducing PD 118 by the image of the
pit 72. The reproducing signal, which is right after the
recording, can be obtained from the variation of the
amount of light. Therefore, even if the optical card is
moved in either direction of arrow a or b, the reproduc-
ing signal, which is right after the recording, can be
obtained.

In other words, regardless of the direction where the
optical card reciprocates relative to the optical head,
the so-called verify operation, which immediately
checks the recording state by the reproducing light

beam, can be performed. Therefore, as compared with'

the conventional data recording/reproducing apparatus
of a two-light source type in which the verify operation
can be performed in the movement of only one way
direction, execution recording speed can be substan-
tially doubled.

If the recording operation to the optical card 64 is
ended, and the recording operation to the object track
and object sector is ended, that is, the operation is per-
formed with any timing described below:

1. when the relative movement for the recording
operation between the optical card and the optical head
is ended, and the optical card is stopped:

2. when the transfer speed of the optical card is re-
duced from the constant speed since the optical card is
stopped; and

3. after a command execution result is retumed to the
host computer.

If the operation is performed with any timing de-
scribed above, the input of the D/A converter is set to
zero, and the operation is returned to mode 1 so as to
perform the control of the position of the reproducing
light spot by using the FES and TES formed from only
the reproducing light. However, in a case that it is in-
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structed from the host computer that the recording 40

operation is continuously performed to the plurality of
tracks, the operation is not returned to mode 1, and the

control is performed as the state of mode 4 is main-
tained.

FIRST MODIFICATION

A first modification of the first embodiment will be
explained. In the first embodiment, the reproducing
light PD and the recording light PD were separated
from each other. However, as shown in FIG. 8, these
photodetectors may be replaced with a PD 162 in
which the reproducing light PD and the recording light
PD are incorporated. In this case, two mirrors 166 and
168 are arranged in the optical path, and light flux,
which is focused by the focusing lens 116, may be
guided to PD 162.

SECOND MODIFICATION

A second modification of the first embodiment will
be explained. In this modification, as shown in FIG. 9,
the input of the A/D converter 156 is connected not to
‘the output of the differential amplifier 150 but to the
output of the recording PD 78. The output of the differ-
ential amplifier 150 is directly connected to the objec-
tive lens actuator 160 and the optical head actuator (not
shown). The A/D converter 156 converts FES and
TES formed by the recording light to digital data, and
outputs digital data to the control unit 152. It is noted
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that the structure of the optical head 143 (FIG. 4) is the
same as that of the first embodiment, and illustration
and explanation are omitted.

The operation of the above modification will be ex-
plained as follows:

Since the focus control and tracking control are per-
formed by only the output of the reproducing PD 118 at
the time of data reproduction, the control unit 152 out-
puts zero to the D/A converter 154.

At the time of data recording, the recording LD is
emitted just before the recording operation with inten-
sity, which is in the range that no pit is formed in the
recording medium. Then, the output of the recording
PD 78 is A/D-converted, and the obtained value is
temporarily stored in the control unit 152. At this time,
since the focus control and tracking control are per-
formed by reproducing light, FES and TES formed by
the reproducing light are substantially zero. Therefore,
the output of the recording PD 78 shows the amount of
shift of the recording light beam to the reproducing
light beam.

The control unit 152 outputs data to the D/A con-
verter 154 such that the output of the recording PD 78
1s set to zero, and controls the operation so as to obtain
suitable focus state of the recording light beam and
tracking state. The following operations of the modifi-
cations are the same as those of the first embodiment.

In the above embodiment and two modifications, the
focus detection system was performed by the off-axis
method. However, an astigmatism method or a critical
angle method, and other methods may be used. More-
over, 1n the above embodiment and two modifications,
the reproducing light beam is expanded in a direction
where the beam crosses the tracks by the cylindrical
lens so as to simultaneously illuminate the plurality of
tracks by use of LD as a light source. However, as
disclosed in the prior art, an LED may be used as a light
source and a circular beam may be formed. Or, the
reproduction may be performed by illuminating one
track.

2. Second Embodiment

A second embodiment will be explained with refer-
ence to F1GS. 10 to 12B. In this embodiment, a general
method 1s used to perform the focus control, and the
technical concept of the present invention is applied to
only the tracking control.

OPTICAL HEAD

‘The structure of the optical head of this embodiment
1s substantially the same as that of the apparatus shown
in FIGS. 3 and 4. Therefore, only the structure different
from the structure of the above apparatus will be ex-
plained, and the same reference numerals as used in the
first embodimernt are added.

As shown in FIG. 10, on the optical path of the emit-
ted light from the recording LD 50, the diffraction
grating 58 diffracting the emitted light is arranged be-
tween the collimator lens 52 and PBS 60. The diffrac-
tton grating 58 is used to perform the tracking detection
at the time of recording by a three beam method. The
diffraction grating 58 diffracts the recording light beam
into the zeroth diffracted light beam and the =+ primary
diffracted light beams which are used in the three beam
method.

‘Two mirrors 170 and 172 and an image forming mir-
ror 174 arranged between mirrors 170 and 172 are pro-
vided on the reflection light path from the optical card
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64. Moreover, a beam splitter 176 is arranged on the
optical path ahead of the mirror 172, and the reflected
light beam from the optical card 64 is divided by the
beam splitter 176, and one light beam is inputted to a
tracking PD (Ir-PD) 178, and the other light beam is
inputted to a focus PD (Fo-PD) 180.

As shown in FIG. 11, Tr-PD 178 compnses four
photodetectors 182, 184; 186, 188 for reproduction.
Among four photodetectors, two photodetectors 182,
184 for detecting a reproduction tracking error signal
(hereinafter called “reproduction error PD”) are ar-

ranged in a trianguiar form such that their apexes are
facing to each other.

Two data detection PDs 186 and 188 for the repro-

duction signal, which are respectively formed rectangu-
lar, are arranged on the upper and lower portions of the
reproduction error PDs 182 and 184.

Tr-PD 178 comprises three recording photodetectors
190, 192, 194. These three recording photodetectors
190, 192, and 194 are arranged in an oblique alignment
manner. The central photodetector 190 is a photodetec-
tor for a recording signal (hereinafter calied “recording
PD”’). The upper and lower photodetectors 192 and 194
are photodetectors for detecting a recording tracking
error signal (heremafter called “recording error PD”).

CONTROL SYSTEM

As shown 1 FIG. 10, first and second operational
amplifiers 254 and 256 are electrically connected to
Tr-PD 178. The first operational amplifier 254 outputs a
differential signal between two reproduction error PDs
182 and 184, and the second operational amplifier 256
outputs a differential signal between two recording
error PDs 192 and 194. The outputs of the first and
second operational amplifiers 254 and 256 are electri-
cally connected to the selector 146. The selector 146
selects either of the output signals of two operation
amplifiers 254 and 256, and outputs the elected signal.

The output of the selector 146 is connected to the
adder 148 and an input of a voltage sample and hold
circuit (hereinafter called “S/H circuit’’) 196, respec-
tively. The output of the S/H circuit 196 is connected to
a switch 198, and an output of the switch 198 is con-
nected to the adder 148. The S/H circuit 196 holds an
input signal in an analog manner in this embodiment.
However, it 1s possible to AD-convert the incoming

signal by the A/D converter, and to digitally hold the
converted signal.

The S/H circuit 196 and the switch 198 are con-
trolled by a controller 200. The holding timing and the
timing of outputting the held value are controlied by
the controller 200, and the on-off timing of the switch
198 is also controlled by the controller 200. The S/H
circuit 196, the switch 198, and the controller 200 con-
stitute a control unit 152.

It 1s noted that the timing of the switch of the selector
146 1s also controlled by the controller 200 (this is not
illustrated).

The adder 148 is connected to the objective lens
actuator 160 for dniving the objective lens 62. Also, the
adder 148 1s electrically connected to an optical head
actuator 204 for driving the whole optical head 143
through a low pass filter 202.

CONTROL OPERATION

The process for detecting the shift of the recording
light spot and that of the reproducing light spot will be
explained as follows:
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If instruction of recording is given to the apparatus,
the selector 146 1s switched by the controller 200 to
select the signal from the second operational amplifier
256. This switching is performed at a timing since the
command of the instruction of recording is given till the
recording beam is emitted with power enough to form
a pit in the optical card.

For example, similar to the first embodiment, this

~operation 1s performed with any timing described be-

low:

1. just after recetving the command; :

2. during seek control of the optical head to an object
track;

3. during the time till a transfer speed at the time of
reciprocating the optical card 1s made constant; and

4. at the time when the optical card stops at the driv-
ing end.

In order to correct the tracking shift of the recording
light spot, a light beam having weak power almost the
same as the power of a reproduction light beam is emit-
ted from the recording LD 50. The emitted light beam
passes through the collimator lens 52, and is diffracted
by the diffraction grating $8. The resultant zeroth dif-
fracted light beam is used as a recording signal, and =+
primary diffracted beams light are used to control the
recording signal light beams to a predetermined posi-
tion. The zeroth diffracted light beam and =+ primary
diffracted light beams pass through PBS 60, and form
recording light spots on a predetermined track of the
optical card 64 by the objective lens 64, respectively. In
FIG. 11, reterence numeral 206 denotes an optical spot
formed by the zeroth diffracted light beam and posi-
tioned at the central portion, that is, a recording light
spot. Reference numerals 208 and 210 denote optical
spots formed by & primary diffracted light beams and
positioned at the upper and lower sides, that is, error
light spots. The central recording light spot 206 is input-
ted to the recording device 190 through various optical
systems, and the error light spots 208 and 210 are input-
ted to the recording error DPs 192 and 194. By use of
the recording error DPs 192 and 194, the tracking shift
of the recording light spot 206 is detected. This detec-
tion is performed by the conventional three beam
method. This method is well-known and the explana-
tion is omitted.

In a case that the recording light spot 206 is shifted

from the suitable position on the track 76, the following
operation 1s performed.

The signal sent from the second operational amplifier
256 is transmitted to the selector 146. At this time, the
selector 146 supplies a voltage to the objective lens
actuator 160 and the optical head actuator 204, and
moves the objective lens 62 and the entire optical head
143.

In a case that there 1s no tracking shift of the record-
ing light spot, the objective lens 62 and the optical head
143 are not moved, and the position of the light spot is
maintained. In this manner, the tracking shift of the
recording light spot is temporarily corrected. The state
that the tracking shift of the recording light spot is
corrected, that is, the suitable position of the recording
light spot is held, is maintained till the optical head
actuator 204 1s driven when the tracking control of the
reproducing light spot is performed.

Sequentially, a light beam having power for repro-
duction is emitted from the reproduction LD 96, the
output of the selector 146 is switched to the reproduc-
tion error PDs 182 and 184. The emitted light beam, as
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shown in FIG. 10, passes through the collimator lens 98
and PBS 60, and is irradiated on the optical card 64 by
the objective lens 62. The irradiated reproducing light
spot i1s shown by reference numeral 212 of FIG. 11.

The image of the reproducing light spot 212 is formed
on the reproduction error PDs 182 and 184 and repro-
ducing devices 186 and 188 of the Tr-PD 178. At this
time, the image 74a of the guide track 74 is formed on
the reproduction error PDs 182 and 184. If there is no
tracking error in the reproducing light spot, the image
74a of the guide track 74 is formed as shown in FIG.
12A, and the outputs of the PDs 182 and 184 are equal
to each other. -

However, if there 1s a tracking error in the reproduc-
ing light spot, the image 74a of the guide track is formed
as shown 1n FIG. 12B, and the outputs of the PDs 182
and 184 are different from each other.

The recording light spot is tracking-controlled.
Therefore, a difference (referred as a numeral “C”)
between the outputs of the reproduction error PDs 182
and 184 shows an amount of shift between the repro-
ducing light spot and the recording light spot. The
difference C is held by the voltage of the S/H circuit
196 1n a case that the outputs of the PDs 182 and 184 are
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different from each other (in the case that the outputs of 25

the PDs 182 and 184 are equal to each other, zero is
maintained as a voltage value).

Next, a voltage having a level sufficient to correct the
difference C 1s applied to the objective lens actuator 160
and the optical head actuator 204 to move the objective
lens 62 and the entire optical head 143, and the tracking
control of the reproducing light spot is performed. As a
result, the reproducing light spot is moved to the suit-
able position on the track, and the amount of the track-
ing shift is corrected. In a case that the difference C is
zero, no voltage is applied to the objective lens actuator
160 and the optical head actuator 204. In other words,
- zero voltage 1s applied to the objective lens actuator 160
and the optical head actuator 204. Therefore, no track-
ing shift state is maintained.

When the tracking shift of the reproducing light spot
1s corrected, the recording light spot is shifted from the
center of the track. For positioning the recording light
spot at the center of the track, the controller 200
supplies a clock signal to the S/H circuit 196, and turns
on the switch 198. Then, the value, which is held by the
S/H circuit 196, is inputted to the adder 148 (FIG. 10)
as an offset value.

The recording light spot is shifted by the amount of
shift between the reproducing light spot and the record-
ing light spot as performing the tracking control of the
reproducing light spot. Thereby the tracking shift of the
recording light shift can be corrected. However, during
this time, the reproducing light spot is shifted from a
predetermined position (data reading position). Due to
this, at the time when the recording is ended, the switch
198 is turned off to end the process for adding the offset
value, so that the operation is returned to the tracking
control of the normal reproducing light spot again.

In a case that the switch of the entire apparatus is
turned off and neither recording nor reproducing is
performed, that is, the operation of the apparatus is in a
standby state, the tracking control of the reproducing
light 1s being performed.

Opposite to the above embodiment, the tracking shift
of the reproducing light spot may be corrected based on
the amount of shift between both spots as performing
the tracking control of the recording light spot. How-
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ever, the reproducing light spot, which illuminates the
larger area than the recording light spot, has a large
irradiation area and a large controllable range, so that
the spot does not easily deviate from the center of the
predetermined track.

In the above embodiment, the amount of shift is elec-
trically corrected. However, it is possible to provide a
driving device such as a piezoelectric element in the
recording LD 50 shown in FIG. 10, and drive the driv-
ing device based on the differential signal C, which is
proportional to the amount of shift, thereby moving the
position of the recording light spot on the optical card.
As mentioned-manner, the object of the present inven-
tion can be attained.

In the first embodiment and two modifications, the
differential voltage is A/D-converted, and the con-
verted voltage is inputted to the control unit 152. How-
ever, 1t is possible to replace the control unit 152 of
FIG. 4 with the control unit 152 of FIG. 10 without
A/D conversion. In this case, seeing from the reproduc-
ing operation, the focus position of the reproducing
light beam is slightly shifted by the correction. How-
ever, since the focus position in the case of reproduction
has a large degree of margin, the reproduction opera-
tion can be performed without problem.

Oppostte to the second embodiment, it is possible to
apply the concept of the invention only to the focus
control and to apply the prior art to the tracking con-
trol.

In the above embodiments, means for detecting an
offset amount is provided in the optical recording/re-
producing apparatus. However, it can be provided out-
side the apparatus. For example, in the case of shipment
of the apparatus, it is acceptable that the detecting
means outside the apparatus is connected to the appara-
tus to detect the offset value and store the detected
value in the memory means inside the apparatus before
the shipment. After that, the detecting means is de-
tached from the apparatus to ship it.

As mentioned above, according to the present inven-
tion, by adding a simple circuit, it 1s possible to control
the shift of the focus position between the recording
light and reproducing light, which is generated by the
ambient temperature change or secular change, and the
shift of the tracking position, and thereby the recording
operation can be performed.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific
details, representative devices, and illustrated examples
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as de-
fined by the appended claims and their equivalents.

What 1s claimed is:

1. An optical data recording apparatus, which irradi-
ates light beams to a recording medium having a plural-
ity of tracks and provides at least data recording to said
recording medium, comprising:

first light source means for emitting light including a

recording light beam;

second light source means for emitting a light beam

having a power weaker than said recording light
beam;

error signal detection means having error signal de-

tection means for detecting at least one of:
a track error signal showing a shift between an
irradiation position of a light beam sent from said
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second light source means to said recording me-
dium and a position of one of said tracks, and

a focus error signal showing a shift between a focal
position of a light beam from said second light
source means and a position of said recording
medium;

control means for controlling at least one of an irradi-

ation position, and a focal position of said record-
ing light beam to said recording medium, based on
at least one of the track error signal and the focus
error signal detected by said error signal detection
means; and

memory means for storing a correction value for

canceling a shift of at least one of the irradiation
position of said recording light beam and the focal
position of said recording light beam in response to
emission of a light beam from said first light source
means onto said recording medium, at least one of
said shifts being generated when at least one of the
irradiation position and the focal position of said
recording light beam to said recording medium is
controlled based on at least one of the track error
signal and focus error signal detected by said error
signal detection means, and said correction value
being added to at least one of the track error signal
and the focus error signal by said control means.

2. An apparatus according to claim 1, wherein said
light beam emitted from said second light source means
1s a reproducing light beam reproducing data of said
recording medium.

3. An apparatus according to claim 1, wherein said
error signal detection means include a plurality of pho-
todetectors which are formed on a same plane.

4. An apparatus according to claim 1, wherein a light
beam sent from said second light source means irradi-
ates the plurality of tracks on said recording medium.

5. An apparatus according to claim 1, wherein light
sent from said first light source means and a light beam
sent from said second light source means are focused by
an objective lens.

6. An optical data recording apparatus, which irradi-
ates light beams to a recording medium having a plural-
ity of tracks and provides at least data recording to said
recording medium, comprising:
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first light source means for emitting light including a 45

recording light beam;

second light source means for emitting a light beam
having a power weaker than said recording light
beam:;

first error signal detection means having error signal
detection means for detecting at least one of:

a track error signal showing a shift between an
irradiation position of light, other than said re-
cording light beam, sent from said first light
source means to said recording medium and a
position of one of said tracks, and

a focus error signal showing a shift between a focal
posttion of light, other than said recording light
beam, from said first light source means and a
position of said recording medium;

second error signal detection means having error
- signal detection means for detecting at least one of:

a track error signal showing a shift between an
irradiation position of a light beam sent from said
second light source means to said recording me-
dium and a position of one of said tracks, and

a focus error signal showing a shift between a focal
position of a light beam from said second light
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source means and a position of said recording
medium;

light beam control means for controlling at least one

of the irradiation position, and the focal position of
said light beam, which is sent from at least one of
said first and second light source means to said
recording medium, based on at least one of the
track error signal and the focus error signal de-
tected by at least one of said first and second error
signal detection means;

memory means for storing an output value of said

first error signal detection means, and

control means for controlling said light beam control

means to control at least one of the irradition posi-
tion and the focal position of said light beam of said
second light source means, giving an instruction
for emitting a light beam from said first light source
means 1n order that said memory means stores the
output value of said first error signal detection
means, and reading out the value stored in said
memory means when said first light source means
emits said recording light beam to allow said light
beam control means to control at least one of the
irradiation position and the focal position of said
recording light beam to said recording medium
based on the stored value in said memory means
and on an output value of said second error detec-
~ tion means.

7. An apparatus according to claim 6, wherein the
hght other than said recording light beam, which is
emitted from said first light source means after control-
ling said light beam control means to control at least one
of the irradiation position and the focal position of a
light beam from said second light source means to said
recording medium, has a power weaker than a power
for destroying data on said recording medium.

8. An apparatus according to claim 6, wherein when
said control means instructs said second light source
means to emit a light beam and said memory means to
store the output value of said first error signal detection
means, said light control means is controlled by said
control means to continuously control at least one of the
irradiation position and the focal position of a light
beam sent from said first light source means to said
recording medium.

9. An apparatus according to claim 6, further com-
prising selector means for selectively outputting the
focus and tracking error signal detected by said first
error signal detection means and the focus and tracking
error signal detected by said second error signal detec-
tion means.

10. An apparatus according to claim 9, wherein said
selector means outputs one of the focus error signal
detected by said first error signal detection means and
the focus error signal detected by said second error
signal detection means to a first output terminal, and
outputs one of the tacking error signal detected by said
first error signal detection means and the tracking error
signal detected by said second error signal detection
means to a second output terminal.

11. An apparatus according to claim 10, wherein said
first and second output terminals are respectively con-
nected to differential amplifiers each having an input
terminal.

12. An apparatus according to claim 11, wherein the
output of saild memory means is connected to each input
terminal of said differential amplifiers.
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13. An apparatus according to claim 6, wherein said
first and second error signal detection means respec-
tively include a plurality of photodetectors which are
formed on a same plane.

14. An apparatus according to claim 6, wherein a
light beam sent from said second light source means
irradiates the plurality of tracks on said recording me-
dium.

15. An apparatus according to claim 6, wherein light
sent from said first light source means and a light beam
sent from said second light source means are focused by
an objective lens.

16. An optical data recording apparatus, which irra-
diates light beams to a recording medium having a plu-
rality of tracks and provides at least data recording to
said recording medium, comprising:

first light source means for emitting light including a

recording light beam:;

second light source means for emitting a light beam

having a power weaker than said recording light

beam;

first error signal detection means having error signal

detection means for detecting at least one of:

a track error signal showing a shift between an
irradiation position of light—other than said
recording light beam, sent from said first light
source means to said recording medium and a
position of one of said tracks, and

a focus error signal showing a shift between a focal
position of said light beam, other than said re-
cording light beam, from said first light source
means and a position of said recording medium;

second error signal detection means having error

signal detection means for detecting at least one of:

a track error signal showing a shift between an
irradiation position of a light beam sent from said
second light source means to said recording me-
dium and a position of one of said tracks, and

a focus error signal showing a shift between a focal
position of a light beam from said second light
source means and a position of said recording
medium;

light beam control means for controlling at least one

of the irradiation position and the focal position of

said light beam, which is sent from at least one of
said first and second light source means to said
recording medium, based on at least one of the
track error signal and the focus error signal de-
tected by at least one of said first and second error
signal detection means:;

memory means for storing an output value of said
second error signal detection means; and

control means for controlling said light beam control
means to control at least one of the irradiation
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posttion and the focal position of said other light of 55

said first light source means, giving an instruction
for emitting a light beam from said second light
source means in order that said memory means
stores the output value of said second error signal

detection means, and reading out the value stored 60

in sald memory means when said first light source
means emits said recording light beam to allow said
light beam control means to control at least one of
the irradiation position and the focal position of
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saild recording light beam to said recording me-
dium based on the value stored in said memory
‘means and on an output value of said second error
detection means.

17. An apparatus according to claim 16, wherein the
light other than said recording light beam, which is
emitted from said first light source means after control-
ling said light beam control means to control at least one
of the irradiation position and the focal position of a
light beam from said second light source means to said
recording medium, has a power weaker than a power
for destroying data on said recording medium.

18. An apparatus according to claim 16, further com-
prising selector means for selectively outputting the
focus and tracking error signal detected by said first
error signal detection means and the focus and tracking
error signal detected by said second error signal detec-
tion means.

19. An apparatus according to claim 18, wherein the
output of said selector means is connected to sample and
hold circuit means for storing a value of the output of
said second error signal detection means.

20. An apparatus according to claim 16, wherein said
first and second error signal detection means respec-
tively include a plurality of photodetectors which are
formed on a same plane.

21. An apparatus according to claim 16, wherein a
light beam sent from said second light source means
irradiates the plurality of tracks on said recording me-
dium.

22. An apparatus according to claim 16, wherein light
sent from said first light source means and a light beam
sent from said second light source means are focused by
an objective lens.

23. A method for optically recording and reproduc-
ing data including steps of:

a first step of driving one of two light sources to
irradiate first light having power, which is weaker
than a power for destroying data on a data record-
imng medium, to said data recording medium and
controlling a position of said first light based on
reflected light of said first light;

a second step of driving the other -light source to
irradiate second light having power, which is
weaker than the power for destroying data on the
data recording medium, to said data recording
medium and detecting a positional error signal of
sald second light based on reflected light of said
second light;

a third step of storing the positional error signal de-
tected 1n said second step in memory means;

a fourth step of driving one of said light sources
driven 1n said first step to irradiate the first light,
which has the power weaker than the power for
destroying data on the data recording medium, to
sald data recording medium together with driving
the other light source to irradiate third light, which
has a power capable of recording data on said data
recording medium, to said data recording medium,
and controlling a position of said third light based
on the reflected light of said first light and a stored
value of said memory means obtained in said third

step.
* X *x % *



	Front Page
	Drawings
	Specification
	Claims

